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Abstract
Natural flood management (NFM) is increasingly promoted as a sustainable flood risk
management (FRM) option, but significant barriers remain to its implementation. We
assess the barriers to uptake and implementation of NFM using an approach in which we
conceptualise a catchment as a social-ecological system. We investigate the barriers
relating tomultiple stakeholders, biophysical, and social components and the interactions
between these different system elements. Semi-structured interviews were undertaken
with land managers and practitioners of FRM in the United Kingdom. Data were
analysed using qualitative methods, including thematic coding and categorisation. Key
barriers of 25 identified were: economic constraints for land managers, the current lack
of scientific evidence to support NFM and current lack of governance over long-term
responsibility for NFM, which hinders future monitoring and maintenance. Practitioners
within some sectors were less likely to recognise barriers noted by land managers,
including cultural challenges, catchment planning concerns, and lack of perceived
control. For successful wider implementation of NFM, it is crucial that practitioners
recognise the barriers that landmanagers experience, and that projects should build mon-
itoring programmes into their funding bids, to assess impacts on flood risk and mainte-
nance needs and to build the evidence base to guide future NFM implementation.
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1 | INTRODUCTION
Flooding is the most frequent and most experienced form of
natural disaster globally; nearly half of the people affected
by natural disasters within the last century were affected by
floods (Guha-Sapir, Hoyois, & Below, 2013; UNISDR,
2015). With the increasing threat of climate change, which
could double to quadruple river flood probabilities by 2080
in comparison to 2000, effective flood risk management
(FRM) is essential (Thorne, 2014).
Due to the widely identified limitations of conventional engi-
neering based solutions (Iacob, Brown, & Rowan, 2017), new
sustainable approaches to FRM are currently being sought
(Daigneault, Brown, & Gawith, 2016; Huq & Stubbings, 2015).
Within this remit, natural flood management (NFM) has
emerged as a term used to describe FRM measures which work
with natural hydrological processes to retain and slow water
within the upper catchment, while creating wider benefits
beyond FRM such as habitat creation, diffuse pollution reduc-
tion, and sediment capture (Barlow, Moore, & Burgess-Gamble,
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2014; SEPA, 2016). Such measures may not be strictly natural,
as they are constructed interventions and are set within a catch-
ment which is likely to have been impacted by unnatural process
such as floodplain development or channel straightening. For
the purposes of this article, NFM is the term applied, as it is that
currently used within the industry.
NFM is becoming increasingly favoured due to its lower
costs, when compared to structural FRM measures such as
flood walls and embankments, combined with a desire from
the public to enhance ecological and other benefits whilst
reducing flood risk (Nicholson, Wilkinson, O'Donnell, &
Quinn, 2012; SEPA, 2016; Morris, Beedle & Hess, 2014;
Environment Agency, 2017). The UK Environment
Agency's (EA) “Working With Natural Processes” evidence
directory (Burgess-Gamble et al., 2017), in which this
research underpins Case Study 25, collated current knowl-
edge to improve scientific understanding of NFM. That doc-
ument, combined with £15 m of UK government (DEFRA)
funding announced in July 2017, has encouraged wider
implementation of NFM in the United Kingdom. Although
the use of NFM is becoming increasingly common in the
United Kingdom (Dadson et al., 2017), significant barriers
still exist to its implementation.
At present there is limited literature on the role that stake-
holders play in the uptake of NFM (Lavers & Charlesworth,
2016). Furthermore, few studies have been conducted on the
barriers to the uptake of NFM practices as perceived by stake-
holders such as farmers or FRM practitioners (Holstead, Col-
ley, & Waylen, 2015; Rouillard, Ball, Heal, & Reeves, 2015;
Waylen, Holstead, Coley, & Hopkins, 2017). There is a grow-
ing realisation that the barriers to NFM uptake need to be identi-
fied using a broader, system wide approach (Thorne, Lawson,
Ozawa, Hamlin, & Smith, 2015). Accordingly, in this article we
aim to apply a social-ecological systems (SES) approach
(Ostrom, 2009) to identify the barriers to the uptake of NFM
practices in the United Kingdom. This study provides an oppor-
tunity to contribute to the existing literature by assessing the bar-
riers from the viewpoints of both land managers and FRM
practitioners.
2 | ANALYTICAL FRAMEWORK
For this analysis we conceptualise a catchment facing FRM
challenges as a SES in which biophysical factors interact
with social variables, leading to desirable or undesirable out-
comes. The SES framework is adapted from a framework
proposed by Ostrom (2009) (Figure 1). The framework com-
prises six components: the governance system, actors, the
resource system, resource units, interactions, and outcomes.
Each individual element is discussed in more detail below.
2.1 | The governance system
The term “governance system” refers to both formal and infor-
mal institutions which guide activities to manage flood risk
(Kaufmann, 2017). This includes laws and regulations,
debates, negotiations, public consultation, protest, and further
decision making actions (Lebel et al., 2006; Mahon, Crute,
Simmons, & Islam, 2017; Ostrom, 2009; Nagendra, & Ostrom,
2014). Governance does not have to derive only or primarily
through the state, but can include many other actors, both gov-
ernmental and non-governmental, which have influence over
varying scales of NFM implementation (Lebel et al., 2006).
Polycentric governance is the governance over an issue
from multiple centres which range in scale (Ostrom, 2012).
This is applicable to NFM in the United Kingdom, as decisions
for implementation of NFM are influenced by multiple scales
of governance. At the largest scale, EU legislation [such as the
Water Framework Directive (WFD; European Union, 2000)
and the European Union (2007)] has influenced greater work-
ing with natural processes and required that multiple benefits
such as ecological gains are sought. At a national scale, the
need for new scientific evidence of NFM as an effective FRM
method is driving projects for the EA and funding such as the
£15 million announced by DEFRA for allocation in 2017
(Leadsom, 2016). At a regional scale, the Lead Local Flood
Authority (LLFA) or Internal Drainage Board (IDB) has gover-
nance over and responsibility for smaller channels termed
“Ordinary Watercourses.” An IDB is a public body with a mix
of elected and appointed members, and amongst other roles it
is concerned with managing water levels in lowland areas,
including reducing risk from flooding. NFM is often most suit-
able within the upper catchment, so is most likely to be
installed through LLFA decision making. At a smaller scale,
decisions for NFM implementation can also be promoted and
implemented through community action (Bracken et al., 2016).
Local flood action groups who would prefer NFM within their
FIGURE 1 The social-ecological systems framework (SES) used to
structure data analysis in this study (source: adapted from Ostrom, 2009)
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catchment can influence uptake though active cooperation with
land managers, the LLFA, non-governmental organisations
(NGOs) and the EA (Green& Penning-Rowsell, 2010).
2.2 | Actors
Actors are individuals who interact and create outcomes as part
of the system (Ostrom, 2009). The term “actors” has been cho-
sen because there may be individuals involved who are not nec-
essarily users of the resource system, but who have an influence
over the outcomes (Mcginnis & Ostrom, 2014). This may
include practitioners of FRM, NGO employees, members of the
public, land managers, and owners. All are part of the system
and co-produce outcomes, yet some of these actors (such as
NGOs or practitioners) may not be “users” of the biophysical or
hydrological catchment in the same sense as land managers and
the local community.
As actors, practitioners face barriers which exist within an
institutional setting. A study by Waylen et al. (2017) inter-
viewed 18 practitioners within FRM institutions in Scotland, to
discuss the barriers to implementation of NFM. They identified
three key themes surrounding barriers to NFM from within
institutions: challenges in using evidence and handling uncer-
tainty, difficulties in allocation of resources, and complexities
of coordination and communication.
A significant actor barrier to the implementation of NFM is
lack of land owner uptake of interventions (Posthumus, Hewett,
Morris, &Quinn, 2008). Landowners andmanagers are key deci-
sion makers in whether they wish to implement NFM. Not all
landowners are farmers, and not all land managers are owners, so
theymay have different barriers to uptake, but ultimately the deci-
sion to implement NFM falls with the owner of the land. It is
therefore important to identify and assess such barriers to these
groups of actors in detail and to assess if current practice con-
siders such barriers.
A study by Holstead et al. (2015) used semi-structured inter-
views with 15 farmers in Scotland to discuss the potential bar-
riers to NFM uptake from their viewpoints. Discussion
suggested that there are six criteria which affect uptake: econom-
ics, availability of advice and support, public perception, joined
up policy, catchment planning, and traditions. It was found that
53% of farmers who had not installed NFM said their land was
too valuable and 38% stated that there was insufficient funding.
Similarly, Rouillard et al. (2015) found that landowners in Scot-
land and England were not willing to give up productive land
for FRM. The study found that farm economics was a significant
barrier to catchment wide FRM, as a loss of agricultural land
may incur losses of agricultural subsidies which require land to
be in productive agricultural practices. This highlights that, with-
out sufficient financial support, land owner uptake will be low.
Historic agricultural policy has led to the creation of cultural
barriers to uptake. Post-war agricultural policy in the United
Kingdom paid famers to drain land with ditches and land
drains, in order to maximise food production (Iacob, Rowan,
Brown, & Ellis, 2014; Wheater & Evans, 2009). Thus, the
reversal of this practice would undermine the legacy left by
ancestors of the farm and move a farmer away from their tradi-
tional role as a food producer (Holstead et al., 2015).
A report by the House of Commons Environmental Audit
Committee (2016) stated that the National Farmers Union
acknowledged the importance of NFM but argued that lack
of maintenance interventions could cause prolonged
flooding unnecessarily. This demonstrates that NFM barriers
can be complex and cross multiple stakeholders and jurisdic-
tions. Without the correct policy, resources and funding in
place, practitioners are unable to offer future maintenance
options which could hinder landowner/manager uptake.
Holstead et al. (2015) found that the biggest individual
barrier for farmers in Scotland (64% of respondents agreed)
was the lack of support and information provided to install
NFM. They recommended that clearer information should
be provided, with land owners needing a personal advisor
who is trusted. Likewise, an appointed advisor could help
with paperwork generated by multiple policies and consents
required before implementing NFM.
2.3 | Resource system and units
The “resource system” is defined as the biophysical parts of
a SES, such as the geology, topography, and soil types
(Mahon et al., 2017; Ostrom, 2009). In the context of this
research, it also includes the hydrological processes, which
are traditionally analysed and modelled using a systems
approach (Shaw, Bevan, Chappel, & Lamb, 2011).
“Resource units” refers to the resources within a catchment
(Ostrom, 2009). Within the NFM context, this could include
individual NFM interventions such as bunds, leaky barriers,
or woodland. However, it could also refer to economic
resource units such as crops or livestock (Mahon et al.,
2017). NFM currently has biophysical barriers restricting its
implementation, which may reduce overall uptake of inter-
ventions. Installing an appropriate NFM intervention
depends on the characteristics of a watercourse and, just as
importantly, its surrounding catchment (Avery, 2012). For
example, the watercourse gradient, catchment soil type, ele-
vation, and land use are examples of catchment parameters
that must be assessed before NFM implementation. If the
watercourse gradient is too steep, interventions such as leaky
barriers may not be appropriate as scour may be exacerbated
within the streambed (Thomas & Nisbet, 2012). Addition-
ally, if the land use surrounding the watercourse is residen-
tial or supports high value crops, NFM will be faced with
barriers due to a significant loss of resource units.
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2.4 | Interactions
“Interactions” within the system can be positive or negative
(Ostrom, 2009). A negative interaction between farmers and
legislation can be conceptualised as between actors and the
governance system. Interactions can also be between actors
and the resource system, such as a land manager planting
woodland in an effort to reduce runoff and soil erosion.
Internationally, stakeholder engagement in the decision
making process is recognised as a vital aspect of FRM
(Begg, Callsen, Kuhlicke, & Kelman, 2017). There is a need
for greater stakeholder engagement as an interaction within
the system, with specific emphasis on interactions between
practitioners and land managers if barriers to the uptake of
NFM are to be overcome (Cornell, 2005; O'Donnell,
Lamond, & Thorne, 2017). Stakeholder engagement raises
awareness of FRM issues and can be used to overcome cul-
tural barriers through education and to create greater project
success, as stakeholders have a sense of ownership over
schemes (DEFRA, 2013; Thaler & Levin-Keitel, 2016).
It has been acknowledged that a lack of communication,
both within institutions and between organisations, causes
barriers to NFM uptake (Waylen et al., 2017). Without knowl-
edge sharing and communication between organisations and
institutions, NFM uptake will be hindered. This is especially
important within cross-boundary catchments. These may cross
the borders of a local authority or, at a larger scale, national
borders. It can be difficult to determine where one jurisdiction
ends and another begins, especially in the case of ordinary
watercourse and main river responsibilities (Bracken et al.,
2016). Therefore, due to the lack of communication between
responsible organisations from both sides of the boundary, a
barrier to NFM implementation is presented.
3 | METHOD
In this study, 23 interviews were undertaken—17 with practi-
tioners within UK FRM, and 6 with land managers within a
catchment above Southwell, Nottinghamshire, United King-
dom. This study site was chosen because NFM has been
implemented recently by the authors as part of a wider research
within the local catchment. Interviews were used because the
qualitative data gathered would offer an in-depth and rich pic-
ture of the complex barriers to NFM faced by interviewees.
One of the land managers did not actively farm their land
and one was a tenant, so the term “land manager” was
selected to reflect this. With regards to the land managers,
the study has a small geographical reach as the interviews
focus on land managers within Southwell only. For the prac-
titioners, the associated FRM sectors were: statutory body
(7), NGO (5), academic (2), local government (1), and
consultancy (2). However, the practitioners had a wider geo-
graphical reach across the United Kingdom.
Practitioners were recruited through networking with fur-
ther respondents selected by snowballing. They were selected
for their knowledge of NFM, but also their wider knowledge
of FRM governance. All but one of the significant land man-
agers in Southwell were interviewed, with recruitment based
on the land holding within the catchment. Land managers
were interviewed in May/June 2016, with practitioners being
interviewed between October 2016 and February 2017.
Interviews were conducted by the first author either face to
face or by telephone and were semi-structured to give the
respondents opportunity to elaborate on their perspective of
emerging themes surrounding the barriers to NFM. The inter-
views were steered by a topic list, informed by current litera-
ture on the barriers to uptake of NFM. For land managers, it
included questions on what they think NFM is, whether they
already have NFM features on their land and what they per-
ceive to the barriers to uptake to be on their landholding. Prac-
titioner questions focused on what they perceive are barriers
to land managers, but also on current constraints on imple-
mentation as a result of funding, policy, and governance.
Interviews were recorded and transcribed by the interviewer.
Transcripts were imported into NViVo qualitative research soft-
ware and were coded into the categories within the analytical
framework. Sub-codes where then created to show emerging
themes, identified by the interviewer. A matrix query was used
within NVIVO, to identify which of the barriers cited by land
managers were also discussed by practitioners.
4 | RESULTS AND DISCUSSION
Table 1 shows the themes and corresponding source counts iden-
tified from the interview transcripts, concerning various barriers
to NFM. Some niche barriers were identified, but were only
mentioned rarely and briefly. For the purpose of this article, such
barriers have not been discussed in detail but are listed. Ecologi-
cal factors, which are part of the SES framework, were not
widely identified by interviewees as barriers. Although the article
applies the SES framework on a conceptual level, the responses
focused more on the social aspects of the SES framework.
4.1 | Governance system barriers
Only one land manager stated that they would require
greater scientific evidence to uptake NFM measures,
suggesting that social-economic factors are more significant
to them. However, within the practitioner remit, the current
lack of evidence has wide implications. Current UK FRM
policy requires a cost–benefit ratio to be calculated, as well
as the number of properties that will have a lower flood risk
as a result of FRM:
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…if you can tap in and find that evidence to
show that natural flood management could work
and to realise these benefits then the funding is
available, but it's that chicken and egg, you've
got to find the evidence first…—Practitioner 1.
Without evidence that NFM has a beneficial impact,
schemes are not currently being implemented due to the
inability to calculate the cost–benefit ratio. Thus, opportuni-
ties to produce evidence are missed; consequently, a feed-
back loop is created (Figure 2).
TABLE 1 Barriers to natural flood management identified during interviews, with source counts by sector
Category Theme NGO Statutory Academic Consultancy
Local
government
Land
managers
Total source
citation count
Governance
system
Lack of scientific evidence 5 7 2 2 1 1 18
Lack of governance 5 7 1 2 1 2 18
Lack of funding 5 6 2 2 1 0 16
Policy challenges 4 7 2 1 1 0 15
Transboundary catchment
challenges
3 4 1 1 0 0 9
Challenges over responsibility
for NFM implementation
0 3 1 0 0 0 4
Governance implications for
land managers
1 0 0 0 0 0 1
Actors Financial constraints for land
managers
4 3 2 2 0 5 16
Perceptions of NFM 4 5 2 2 1 2 16
Actor lack of knowledge 2 3 2 1 0 4 12
Land manager cultural
challenges
1 2 1 1 0 5 10
Intangible benefits of NFM 2 3 1 0 1 0 7
Catchment planning concerns 0 0 0 0 0 5 5
Land managers want evidence
that NFM works
1 1 1 0 0 1 4
Impacts of previous floods 1 0 0 0 0 2 3
Land manager does not have
time
0 1 0 0 0 0 1
Land manager given negative
advice on NFM
0 0 1 0 0 0 1
Practitioner flood fatigue 0 0 1 0 0 0 1
Resource system
and units
Site restrictions for NFM
opportunities
0 0 0 0 0 3 3
Number of land managers in
catchment causes challenges
0 0 0 1 0 0 1
NFM demonstration sites not
applicable
1 0 0 0 0 0 1
Interactions Interactions with land managers 3 3 1 1 1 5 14
Interactions between
practitioners
3 5 1 1 1 1 12
Interactions with the public 1 2 1 0 1 0 5
Negative media representation
of NFM
1 2 1 0 0 0 4
Note: Green indicates low source count, red indicates high source count. The number of citations is graded by colour from Red to Green.
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Practitioners highlighted that the limited evidence for effec-
tiveness of NFM has resulted in a lack of funding for capital
works but, just as pressing, is the lack of funding for monitor-
ing and maintenance of current projects. This has been dis-
cussed within previous literature (Lane, 2017; Barlow et al.,
2014; Dadson et al., 2017; JBA Consulting, 2015; Dixon
et al., 2016) and links to another barrier identified within the
governance system—FRM policy challenges. Practitioners
stated that NFM benefits such as flood risk reduction and eco-
system services are complex to calculate and are often not tan-
gible, therefore NFM is less likely to receive funding when
compared to structural measures which allow for flood risk
reduction to be calculated through standard hydrological and
hydraulic modelling approaches (DEFRA, 2013).
The lack of funding for maintenance was cited by land
managers as an issue. During a recent site visit by local land
managers to an experimental NFM site within Southwell,
this barrier was discussed as a significant barrier to them.
This was also noted as a barrier by several practitioners, with
acknowledgement that present NFM measures are not within
the EA asset register, meaning that the structures cannot be
included within maintenance plans.
…at the moment those leaky dams do not find
their way onto our [EA] asset register, and if they
are not on our asset register, then there is no way
we can plan for maintenance as part of our five
year maintenance programme…—Practitioner 5.
It has been argued within the literature that NFM is not repre-
sented within current English legislation (Howarth, 2017). This
was raised by practitioners, suggesting that a lack of policy
creates barriers to implementation though lack of consequent
funding. However, it was argued by other practitioners that pol-
icies such as the WFD (European Union, 2000), the Flood and
Water Management Act (2010), and the Flood Risk Manage-
ment Act (2009) in Scotland do already support NFM imple-
mentation and a wider catchment based approach.
With the United Kingdom currently preparing to leave
the European Union (Brexit), practitioners were both con-
cerned and encouraged about the future of such legislation.
On one hand, there was a concern that Brexit could lead to a
change in funding for NFM interventions and the abolish-
ment of legislation policed by the EU such as the WFD. On
the other hand, it was argued that Brexit could allow for new
funding such as agri-environment payments to land man-
agers who install NFM measures.
Transboundary catchment challenges, between national or
administrative boundaries, were mentioned as a potential bar-
rier. The barriers within this theme were solely mentioned by
practitioners, as no land manager interviewees had experience
of working transboundary land. Challenges cited included data
sharing across national boundaries, but also a lack of communi-
cation across administrative boundaries. As hydrological catch-
ments do not adhere to national or administrative boundaries,
communication needs to occur between stakeholders involved
within the catchment rather than the political boundary:
…recommendations of the Pitt review was to
give the local flood authority a greater role in
surface water management… but we were a lit-
tle hesitant around it because our concern was
that the political boundaries of county councils
say, created effectively artificial barriers within
that catchment system…—Practitioner 9.
Challenges over the responsibility for NFM implementation
were mentioned by practitioners as a further barrier to
uptake. One practitioner from the statutory sector suggested
that the EA is not the correct organisation to implement
NFM, as projects require local ownership over longer
periods of time. The interviewee mentioned that, as the EA
is also a regulatory body, negative interactions with land
managers may have occurred previously. This can create
tension during the negotiation process and therefore links to
barriers discussed within the interactions category.
Three practitioners stated that LLFAs should be imple-
menting NFM, as they have local governance and responsibil-
ity over ordinary water courses, which are often located in the
upper catchment where NFM opportunities may have the
greatest potential. One practitioner suggested that NGOs
should be more involved during NFM implementation, as they
have more flexibility with their objectives and can bring in
external financial support.
Lack of evidence 
to demonstrate 
the 
effectiveness of 
NFM
Inability to 
calculate cost 
benifit ratio
Lack of public 
understanding 
of NFM
Lack of funding 
for NFM
NFM not 
implemented
FIGURE 2 The positive feedback loop created by a lack of
evidence and funding for natural flood management (source: authors'
own construction based on interview data)
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4.2 | Actor barriers
Lack of knowledge of NFM was mentioned as a barrier within
several interviews. Four of the six land managers interviewed
had not previously heard of the term natural flood management
and failed to understand the stated aims of such interventions.
Similarly, Holstead, Kenyon, Rouillard, and Galan-Diaz
(2014) found that 59% of farmers within their study knew
nothing of NFM, which demonstrates the urgent need for dis-
semination of knowledge to the local level. Knowledge
gaps vary between actors, such as the public or land managers
not knowing what NFM is or how it aims to affect the hydro-
logical regime of a watercourse (Holstead et al., 2014;
SNIFFER, 2011).
The lack of knowledge of practitioners was more com-
plex, as these interviewees were selected for their under-
standing of what NFM was and what it aimed to achieve.
FRM institutions in the United Kingdom contain a large pro-
portion of employees from engineering backgrounds
(Waylen et al., 2017). Therefore, due to unfamiliarity with
new approaches, there was a reluctance to change towards
softer engineered approaches, especially for employees who
have a lack of experience of NFM methods. This demon-
strates that a cultural shift is required by practitioners, to
include NFM within FRM.
We have never actually engaged in natural
flood management in the form that you are
looking at it now… retaining water in the upper
parts of the catchment for short periods to
reduce the flows downstream”—Practitioner 4.
A lack of knowledge of farming practices by FRM practi-
tioners was mentioned by interviewees within the NGO sec-
tor. This creates challenges during stakeholder engagement
activities, which can hinder NFM projects at an early stage
(RPA, 2015). Therefore, this barrier is strongly linked to the
interaction category within the SES framework, as a lack of
knowledge of farming practices by practitioners may cause
negative interactions to occur. For example, a negative inter-
action may be suggesting NFM be implemented in areas of
the farm which are not suitable, or not understanding that
losses of agricultural subsidies may ensue if productive land
is altered. This suggests that, when approaching land man-
agers to discuss potential NFM interventions, a representa-
tive who understands farming practices should be used.
Perceptions of NFM by various actors can also be a bar-
rier to its uptake. Practitioners generally believed that the
public perception of NFM was positive. However, nine of
the practitioners interviewed highlighted that the public per-
ception of NFM may be too positive and creates reliance
upon it as a FRM measure.
…the other extreme is where you get communi-
ties who perhaps have got a natural flood man-
agement scheme and have got too much faith in
it and believe it will protect them from flooding
and stop flooding…”—Practitioner 11.
For this reason, expectation management is required when
communicating the aims of NFM projects to the public. If
expectations are not managed, communities may feel that
NFM will protect them from flooding, which will lower
overall resilience. This has also been cited within relevant
literature (Collentine & Futter, 2016; Holstead et al., 2015;
Nisbet, Marrington, Thomas, Broadmeadow, & Vat-
alin, 2011).
The intangible benefits of NFM were also suggested as a
possible barrier to uptake, because the flood risk benefits of
NFM schemes are not immediately seen within downstream
settlements. This causes a spatial disconnect between upper
catchment management and the downstream community.
Financial constraints for land managers were cited as a
barrier by both groups of respondents. It was suggested that
there is a lack of compensation available to land managers
for installing NFM on their land. Related to this, land loss
and a loss of income as a result of NFM implementation
were also cited by land managers and practitioners as bar-
riers to uptake.
The financial side of it is a big issue and it's that
you have to grapple with you know- govern-
ment especially…—Land manager 3.
As NFM can cause loss of productive land and consequently
a loss of income to the farm business, land managers
expressed opinions that such compensation was necessary if
NFM was to be a viable intervention within their land. It is
therefore essential for the success of NFM projects that pay-
ments are made accordingly for any financial costs which
occur as a result of the intervention.
Cultural challenges, such as a resistance to change as a
result of ancestral influence on land managers, were cited as
a barrier. The “drainage culture” created as a result of his-
toric incentives to maximise agricultural outputs through
land drainage was also found to reinforce this.
…a lot of our land had been low lying, my
grandfather spent a lot of money on trying to
drain his land to keep it in good condition…—
Land manager 2.
In the interviews, land managers expressed a similar reluc-
tance to rewet land and were keen to keep drainage free
flowing. Practitioners generally did not cite this barrier,
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highlighting instead the need for greater stakeholder engage-
ment between land managers and practitioners.
Catchment planning concerns, such as increased devel-
opment on floodplains or covering gardens with imperme-
able surfaces, were identified as an actor-based barrier. This
was cited by five of the land managers, but not by practi-
tioners. It was felt that, if NFM was to be used, better plan-
ning should take place within the downstream settlement to
prevent development in at-risk areas. This may be due to
land managers having specific opinions surrounding opera-
tion of the planning system within the local catchment
where they farm. At present there is controversy regarding
FRM and housing development within the town of
Southwell, which may influence the attitudes of local land
managers. If FRM is to be more sustainable nationally, such
issues need to be addressed as part of wider, holistic catch-
ment plans.
Finally, the impact of previous floods was mentioned as
a barrier to land manager uptake. A specific barrier identi-
fied by one land manager was a lack of perceived control as
a result of a previous flood event. Perceived control is
defined as the belief that individuals can influence the envi-
ronment and achieve desired outcomes (Wallston, Wallston,
Smith, & Dobbins, 1987). The flooding event that Southwell
experienced in 2013 was a high magnitude, low frequency
extreme event which caused large scale runoff due to high
intensity rainfall over a short duration of time (Suri & Page,
2014). Due to that extreme event, the land manager felt that
NFM would be ineffective in reducing flood risk down-
stream. As a result NFM measures were not being consid-
ered as a viable FRM option. This barrier links the actor and
governance categories, with a greater evidence base required
to demonstrate the benefits of NFM is required to
overcome this.
4.3 | Barriers within the resource system
Few barriers cited by interviewees fell within the “resource
system and units” category. One land manager mentioned
that catchment biophysical factors such as topography or the
location of footpaths could create barriers to uptake, as they
limit the spatial opportunities for interventions:
on our property there is a footpath right next to
the natural flood defence so that will impact on
it as well—Land manager 6.
Interestingly, such barriers were only cited by land man-
agers, not by practitioners, which may be due to the more
specific knowledge that land managers have of their land
and catchment. This highlights the need for practitioners to
draw upon local knowledge as a positive interaction to locate
opportunities for NFM interventions.
4.4 | Interactions
Practitioners suggested that negative interactions between
different organisations posed a barrier to NFM uptake. This
was mentioned by all sampled sectors of FRM. There is cur-
rently a structure for FRM within the United Kingdom
which delegates responsibilities to multiple organisations
including the EA, LLFA, water companies, and IDB.
It was suggested by the interviewees that organisations
involved within a NFM scheme may have opposing views
or different agendas for what they aim to achieve. It was
also stated that the timescales for organisations may not
align and this must be taken into consideration during part-
nership working. Thus, the governance system is creating
barriers which apply to the “interaction” category within the
SES framework. Specifically, it was mentioned by inter-
viewees that conflicts could occur between other FRM
authorities and the IDB, as a result of such governance
structures. Other FRM authorities seeking to implement
NFM may wish to hold water on the land or to block exis-
ting ditches, thus creating a potential conflict of interests
between organisations. Some of the land managers inter-
viewed here were familiar with decisions of an IDB and
they suggested that, since the IDB has a greater contact with
land managers, it would be the best organisation to oversee
FRM issues in relevant areas. This demonstrates trust from
the land managers towards the IDB and so it is imperative
that the objectives of the IDB and other FRM organisations
are aligned, if NFM is to be successfully implemented by
collaborative working.
The barrier of negative interactions also applies within
organisations where different responsibilities exist. It was
suggested that the lack of communication within organisa-
tions is causing a barrier to NFM implementation:
…you have the flood risk people for whatever
reason might not talk to their consenting and
biodiversity people and one may have a very
strong opinion but may not actually choose to
explore it with colleagues to see whether things
can be resolved…—Practitioner 16.
Such institutional barriers could be due to the lack of
resources to communicate internally or the lack of willing-
ness to change (Waylen et al., 2017). However, positive
interactions can benefit NFM intervention if carried out
within the early stages of the project and so should be
encouraged within FRM institutions.
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Respondents discussed negative interactions with land
managers as a current barrier to uptake. Three of the land
managers interviewed expressed views that a current lack
of advisory support is a barrier to NFM uptake. Three prac-
titioners also cited this barrier. Interestingly, practitioners
who mentioned this barrier were all from NGOs and may
reflect the fact that this sector recognises the support
needed for land managers. Therefore, relevant NGOs may
be better placed to advise and support land managers. Addi-
tionally, it was suggested that the EA may not be the ideal
organisation to approach land managers, as they are also a
regulatory organisation and so relationships may be harder
to form:
…we are still a regulatory organisation, so with
some landowners, there may have been issues
with us on- you know, environmental issues or
they've had or visits from environmental offi-
cers or that kind of thing… you wouldn't want
any potential scheme damaged because they've
already got a prejudice against the Environment
Agency…—Practitioner 1.
Two practitioners stated that there is a current lack of stake-
holder engagement with land managers. Land managers also
said that they had experienced negative interactions, linked
to the governance system, which would be a barrier to them
undertaking NFM. It is crucial for future projects that posi-
tive engagement is used as an interaction to support land
managers who wish to install NFM. This also applies to
practitioner interaction with the public. Barriers cited include
negative experiences of authorities in the past, public hostil-
ity towards the EA and a lack of community engagement
overall. One stated example of a negative experience for
communities was expressed as being let down by the gover-
nance system in the past, such as when a FRM scheme was
not being implemented locally. One practitioner highlighted
that, following the winter 2015 floods, public hostility
towards the EA rose due to the severity of flooding and the
perceptions that the public held. Stakeholder engagement
should be core to NFM projects and needs to include the
local community at the earliest possible instance, if such
conflict and hostility is to be overcome.
Finally, media representation of NFM was discussed by
four practitioners as a potential barrier to NFM projects. This
has not been reported previously within the literature. Media
representation of organisations involved within FRM and
NFM can cause hostility between them and the public. How-
ever, it was also suggested that media outputs can report
NFM outcomes as overly positive, so that expectations of
what NFM can achieve are not being managed in a
suitable way.
5 | CONCLUSIONS
This study has applied a SES approach to identify and ana-
lyse the barriers relating to the uptake and implementation of
NFM in the United Kingdom. Unlike previous studies of
NFM, which have focused on a single group or limited
aspect of the barriers, the SES framework has allowed for
the barriers to be identified in a more holistic manner, rather
than in isolation.
The findings here suggest that the barriers to NFM
uptake and implementation are complex and diverse. They
include not only the biophysical characteristics of catch-
ments, but also factors such as a lack scientific evidence of
NFM effectiveness, a lack of governance over the mainte-
nance of NFM projects, land managers' past experiences and
cultural beliefs, negative media representation of NFM, and
problematic interactions between stakeholders.
Several individual barriers have also been identified by
other recent studies. Examples include the lack of scientific
evidence to show the effectiveness of NFM (Dadson et al.,
2017; Milman, Warner, Chapman, & Short Gianotti, 2017;
Wingfield, Macdonald, Peters, Spees, & Potter, 2019), the
absence of an effective NFM governance (Holstead et al.,
2015), lack of perceived control over flooding (Waylen
et al., 2017), and cultural influences on land mangers
(Holstead et al., 2014). More importantly, however, the
application of the SES framework has demonstrated that
such barriers may exist at multiple levels and are inter-
related. For example, the lack of empirical evidence regard-
ing the effectiveness of NFM leads to difficulties in gaining
access to funding for NFM which, in turn, limits the oppor-
tunities to gather evidence. It is therefore recommended that
NFM projects should build monitoring programmes into
their funding bids, to assess the impacts on flood risk and
maintenance needs, and to build the evidence base to guide
future NFM implementation.
The application of the SES framework also shows that
the barriers to NFM uptake go beyond a single stakeholder.
For instance, in the United Kingdom, the responsibility for
FRM lies with multiple organisations, and therefore, it is
important for these stakeholders to interact effectively for
successful implementation of NFM projects. However, as
this study finds, the barriers identified by one stakeholder
group (e.g., land managers) may not be recognised by
another group (e.g., practitioners), which may act as a barrier
to productive interactions between them. Practitioners, for
instance, highlighted barriers mostly within the “Governance
System” and “Interactions” categories, whereas land man-
agers mostly mentioned barriers within the “Actors” cate-
gory. Moreover, some barriers discussed by land managers
were not mentioned by practitioners. This suggests that a
“shared understanding” of NFM barriers probably does not
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exist in the United Kingdom. It is important that such bottle-
necks to effective stakeholder interactions are identified and
this is where a systems- and multi-stakeholder-oriented
framework, such as the SES framework used in this study,
can be useful. If the current research had focused on the bar-
riers to land managers in isolation, this crucial barrier to pro-
ductive stakeholder interactions would not have been found.
Notwithstanding these valuable insights, this study is lim-
ited in its identification of the barriers to NFM uptake relat-
ing to the attributes of “resource systems and units,” that is,
the “ecological” aspects of SES. The few barriers identified
in this regard were: site restrictions, the number of land man-
agers within a catchment (leading to difficulty in catchment-
wide application), and demonstration sites not being per-
ceived as widely applicable. Some respondents did mention
biophysical aspects, but questioning stakeholders explicitly
on the “naturalness” of NFM would give further insight into
the ecological aspects of NFM and could identify the inter-
actions between the social and ecological systems. Such
research may give insight into further barriers to uptake and
allow for new approaches to NFM implementation to
emerge.
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